The method to be described in this communication differs from previous operations in that it is a multiple stage procedure which consists of implantation of cylindrical bone blocks, produces the increase in leg length in small increments over a period of years, and allows time for growth and dromatosis) involving the ilium, femur, and tibia of the right lower extremity. Case Report A female child of Anglo-Saxon-Spanish parentage presented the problem of progressive bowing, deformity, and retardation of growth of the right femur and tibia amounting to 3 cm at 2 years, and 8 cm at 4 years. The child was in excellent general health; extensive medical study revealed no abnormalities other than the regional growth disturbance. No instance of congenital disorder could be found in the family tree in the past two generations. At 5 years, there was tumorous swelling, severe genu varum, anterolateral curvatures of lower thigh and upper tibia, and discrepancy of 12-5 cm in length of the lower extremities. Serial radiographs, between 1 and 5 years of age, revealed speckled, mottled, radiolucent masses expanding the cortex of the lesser trochanter, distal end of the femur, and both ends of the tibia. The growth zones of the fibula and head and neck of the femur were normal. The lateral Section ofOrthopadics aspect of the body of the ilium had a scalloped lateral cortex. Bone survey and biopsies established the diagnosis of dyschondroplasia (Ollier's disease) localized in the right lower limb. Table 1 summarizes the treatment of the patient, including 14 surgical operations, and the results obtained during the period between 5 and 14 years of age; 23 2 cm were added in 9 stages, and 25*6 cm were obtained in overall correction of discrepancy in leg length by the additional procedure of epiphyseal arrest of the contralateral distal end of the femur at age 11.
Surgical Technique
After exposure of bone for a length of 10 cm, the periosteum and superficial and deep fascia were transected wherever accessible. The medial compartment of the thigh or the posterior compartment of the leg, where the major vessels and nerves are located, were not exposed or dissected, but assumed to be thin enough to permit extension by stretching. Osteotomy was performed between drill holes; muscles and fascia were elongated by the process of repeatedly opening and closing a long lever-arm osteotomy spreader. This instrument was simply a plaster spreader with the tips extended an additional 10 cm, and the handles lengthened 1 meter to gain leverage. The osteotomy-spreading and muscle-stretching operation was performed while the intramedullary nail was in place to stabilize and control slipping of the bone ends. The nail was allowed to protrude just far enough from'the end of the proximal fragment to thread a cylindrical implant measuring 2-5 cm in length.
In the femur of a small child, a segment of fibula from an adult made a suitable implant; in the small girl, the distal third of the shaft of the tibia fits the femur. In the adolescent girl, the fibula of an adult male could fit into the marrowcavityand this made it possible to use a 4 in. segment of a fibula from the bone bank both for intramedullary fixation and for the function of the implant, for lengthening the tibia. A block of compact bone was placed in addition between exposed ends of the cortex to maintain the gap of separation and add support. The wound was closed loosely to allow for swelling; a hip spica cast was applied with the flexion of the hip 45 degrees, knee 70 degrees, and the foot in moderate equinus to obtain relaxation of the neurovascular sheath.
Regional circulation: The right foot was slightly warmer than the left, but always within the limits of the normal range; the pulsations were higher and the rates of blood flow were lower on the right than the left.
Neurological function: Sensory perception and motor power in the right leg and foot after each operation were normal. Stretching the nerve in increments amounting to approximately 2 5 cm produced only minor interference with nerve impulse conduction and no EMG evidence of wallerian degeneration.
Post-operative course:, Convalescence was surprisingly comfortable. The time interval for healing to the point of removal of the cast was generally three to four months (Table 1 ).
The process of healing: The radiolucent spots in the bone ends (containing remnants of abnormal epiphyseal cartilage) became replaced and filled with new bones' At the same time, collars, of new bone appeared around the bone ends, beneath the periosteum over a distance of 1 to 2 cm on each side of the osteotomy; the bone also increased in density due to activation of the endosteum. Over a period of three to four months, the periosteal and parosteal tissues enveloped the implant in an involucrum; the endosteum probably invaded the interior of the implant. A cylindrical or rectangular block of dense compact bone, containing as much cancellous bone as possible on the inside, gave the osteotomy maximum contact and stability. A wedge-shaped implant as-in Operation No. 6, led to early absorption of the implant and insufficient osteogenesis on the long side of the wedge where, presumably, -there was strain. A wedge-shaped implant provided an ideal architectural design for correction of bow-leg, but it introduced unsatisfactory local conditions and it became necessary to add an autogenous bone graft as an additional procedure (Operation No. 8) to obtain incorporation of the implant. When the femur was osteotomized and elongated (Operation No. 13) by a third cylindrical implant at the site of two previous operations (Nos. 4 and 7), the proliferative capacity of the host bed was too low to produce union and it was necessary to add an autogenous onlay graft.
Growth: The reaction and adaptation of the femur to the nail was observed at the time of Operation No. 9. The structure of the entire femur had been completely remodelled and the marrow cavity was reconstituted in a new area; the nail was no longer in the centre of the medulla -but enveloped in a shell of cortical bone in the lateral posterior wall of the shaft. The increments ofgrowth contributed by the femoral head and the deranged epiphyseal plates were too small to measure. In young rabbits, intramedullary nailing operations were found to inhibit growth of long bones (Behling & Janes 1959), but nevertheless were used for leglengthening (Shuliak 1960).
DISCUSSION
Mr G Osbone (Liverpool) said that tibial lengthening had been practised in Liverpool since about 1935, and a great deal of work had been carried out in the subsequent few years on the design of a suitable traction machine (Fig 1) . All used Kirschner wires which had the disadvantage of lacking mechanical stability, however elaborate were the devices used to keep them tight. In 1947 workers in Liverpool had commenced using the Edinburgh modified Abbott apparatus and were entirely satisfied with its performance since that time. In this apparatus rigid Steinmann pins were used.
Experience of the operation of tibial lengthening over the last twenty-five years had left them certainly wiser, and at times contrite, although satisfied that the (1936) said that 'interest in the successful cases sometimes detracted from lessons which might be learnt from the failures', and there was no doubt that what might appear to be technically feasible was not always a clinically advisable operative procedure even if successful. The operation of tibial lengthening was a mechanical and biological exercise of great magnitude which the human lower limb could withstand successfully only if (1) the pre-operative conditions and indications had been carefully considered,
(2) the operative technique was impeccable, and (3) there was a standard of personal post-operative observation and control by the operating surgeon of a very high order.
Complications and the need for experience in dealing with them depended to some extent on the amount of lengthening obtained. Up to one inch of lengthening no complications occurred. Between one and two inches certain definite but avoidable complications might be present, but between two and three inches of lengthening, major difficulties were sometimes encountered which might require the surgeon to abandon lengthening. Lengthening of the tibia could produce considerable compression forces on the articular surfaces of the ankle, the subtaloid and midtarsal joints (Fig 2) . Thus the dome of the talus could be crushed by this force, or valgus deformity of the foot might occur with upward subluxation of the lower end of the fibula. In Liverpool it had become the practice to divide the fibula in two places and screw the inferior tibio-fibular joint.
The tendo achillis should be lengthened some weeks before the operation, or as a first stage in the operation, to prevent an equinus deformity developing during lengthening, but even so, some deformity of the foot would tend to occur and should be prevented by immobilization of the foot in plaster. As tightening of the tendons occurred, however, particularly between two and three inches of lengthening, excessive pressure might develop between the ball of the foot and the plaster and very careful padding of this area was therefore necessary.
One of the difficulties and dangers which they used to encounter, before using the Edinburgh Abbott apparatus, was of failure to control the bone fragments, but since using this apparatus with its rigid Steinmann pins they had been able to obtain perfect alignment during elongation without danger of pressure atrophy of the skin from the tibial fragments - Lateral popliteal nerve paresis was a very real complication and occurred unless elongation was slownot more than about one-sixteenth of an inch per day. The cause of the nerve palsy was due to tethering of the nerve by the fascia of the biceps, and also beneath the arch of the peroneus longus.
Indications and contraindications to leg-lengthening: Many patients with a limp attributed it to a short leg and in a proportion of these cases the limp was not due to shortening, but to such factors as gluteal weakness and pelvic obliquity. It was important, therefore, to correct the shortening fully with a special boot as a trial measure before the operation, in order to determine whether there was improvement in the actual function of the leg and particularly that the degree of limp had diminished, before embarking on tibial lengthening.
Tall people could be treated more easily by leg shortening, and in some cases of osteomyelitis or congenital deformity of the leg, such as short femur, it was probable that they should not be subjected to tibial lengthening. The nutrition of the leg needed to be good and poor nutrition or trophic changes were an absolute contraindication. The main indications were poliomyelitis and the short leg of tuberculosis of the hipjoint with premature fusion of the knee epiphyses. The most favourable case was the young adolescent poliomyelitic who had shortening mainly below the knee with a fair amount of paralysis for which he wore an iron (Fig 3) . If the tibia were then lengthened two inches he would be able to wear an ordinary shoe, and frequently not require stabilization. Mr W V Anderson (Edinburgh) said that in deciding on the method of correction of leg inequality the various procedures had to be considered in each case; these were leg lengthening or shortening, and temporary or permanent cessation of growth, the correct choice of method of equalization being at least as important as the technique.
He preferred tibial to femoral lengthening because he believed that mechanical distraction of the femur must result in considerable forces being passed through the main joints of the lower limb, i.e. the hip and knee. Where the hip was already fused, as in tuberculous disease, with premature fusion of the knee epiphyses, the whole force was passed through the knee which} was already deformed and distorted.
The first operation of tibial lengthening at the Princess Margaret Rose Hospital, Edinburgh, had been carried out by the late Mr W A Cochrane in 1932. Since then over 200 patients had been operated on.
Since 1949 a two-stage technique had been carried out. At the first the fibula was divided at its lower third and the proximal end of the distal third embedded in the lateral surface of the tibia. By this means development of a marked valgus deformity at the ankle was prevented. The second stage, the tibial osteotomy, was carried out when the tibio-fibular bridge had consolidated.
Since 1954 he had been using a simpler technique than open osteotomy of the tibia. In this the tibia was weakened by multiple drilling through one puncture wound and broken manually.
The distraction was carried out in the same way as before, using a modified Abbott machine incorporating tilting pin blocks and discarding the compression springs. This recent methed did away with the long and rather ugly incision necessitated by the original operation. It also reduced the technique to one which was easy for the surgeon and surprisingly so for the patient.
Mr Denys Wainwright (Stoke-on-Trent) reported a series of cases of gross shortening of the leg associated with premature fusion of the epiphyses around the knee-joint following disease of the hip-joint. These cases were all associated with either short fibrous or bony ankylosis of the hip-joint with some flexion adduction deformity. The deformity had been corrected and from two to three inches of lengthening had been obtained by a sub-trochanteric oblique femoral osteotomy. After the operation the limb was immobilized on a sliding Thomas' splint, and lengthening obtained gradually by weight traction over a pulley, counter-extension being applied by the body weight with the end of the bed elevated. Many of these patients had been able to dispense with a raised boot and it was interesting to note that in a proportion of the cases in which a fibrous ankylosis of the hip-joint was originally present bony fusion had followed the osteotomy.
